The rapid agricultural development and mechanization of agronomic diligence has led to a significant growth in energy consumption and CO 2 emission.
Introduction
The population of the world is growing rapidly, and demand for food is increasing with the passage of time, which leads to an increase in the productivity of agriculture. Competitiveness between large, regional producers and individual farms has stimulated a concentration on agricultural growth. As a consequence, the production of livestock is concentrated in specific areas, while other areas are concerned with crop production and lack of fertilizers. This intensification regarding farms has been observed worldwide, and has also been discussed in regard to its ecological effect and the potential reintegration of crops and livestock systems [1, 2] . The continuing menace posed by climate change causes carbon dioxide (CO 2 ) emission, which has rekindled steadfast global encouragement against its harmful derivatives. A key challenge to agriculture and food security in the world is climate change because of its impact on production and enforcement sector, which limits global warming [3] .
Furthermore, with the prospect of bringing on the failure of the largest market in the world, climate change is considered a serious environmental threat in the 21st century. The adverse effects of pretentious growth to eco-friendly growth [28] . CO 2 emission has been influenced on several levels, including population growth, economic growth, resource endowments, technological changes, lifestyle and transport patterns [29] . In fact, the intensification in CO 2 emission is a major threat of climate change, which is a key concern for the developing, as well as for the developed nations. In the developed countries, economic growth stimulates the rigorous usage of energy, which leads to environmental degradation. In recent years, CO 2 emissions are considered the key source of the greenhouse effect and have garnered intense attention [30] .
The interrelationship between CO 2 emission and economic growth raises the energy demand. Environmental degradation, consumption of energy and economic growth are considered in the framework of the Environmental Kuznets Curve, which assumes that in low-income countries, pollutant emissions have increased; but in high-income countries, emissions have decreased [31] . The huge escalation in greenhouse gas emissions is primarily accredited to CO 2 being the chief foundation of climate change and global warming. The prescribed economy has turned into a major donor to CO 2 emissions. Correspondingly, the informal economy has also begun to influence the quality of the environment. By permitting polluting Small to Medium Enterprises (SMEs) to dodge environmental regulations, growth in the casual economy may raise the level of pollution and contribute to the degradation of the environment [32] [33] [34] . A large amount of CO 2 emissions can be removed from the soil and crop management through soil organic substance. Examples include reducing tillage and non-tillage, changing land use from cultivated land to permanent crops and restoration of degraded land [35] .
It has been observed that CO 2 emission and climate change is associated with agricultural productivity. The agriculture sector is an imperative source of CO 2 emissions and is also considered with utmost susceptible climate change. Globally, the agriculture sector has slightly lower CO 2 emissions than the thermodynamics industry. It is essential to decrease agricultural-related emission of CO 2 and extend low-carbon agriculture, which have been taken seriously for the economic development and rising controlled environment and energy [36] [37] [38] . Approximately 25% of the world's population belongs to South Asian countries. Agriculture is a lifeline in these developing economies, so these countries must be self-sufficient in producing food supplies [39] .
Agricultural production, natural resources, infrastructure, human living environments and economic and energy losses are associated with environmental degradation, which is an important factor in world development. Energy plays a critical role in the human, social and economic progress required for sustainable development. Estimates for 2010-2040 show that energy consumption will increase by 56%. This upsurge in energy consumption causes CO 2 emissions, which is the chief component of total greenhouse gas emissions. Approximately 61.4% of greenhouse gases come from the energy sector [40] [41] [42] . If the temperature increases globally, renewable energy will reduce CO 2 emissions by approximately 50% by 2050. The use of renewable energy is also advantageous to farmers, in the social, economic and environmental sense. The marvelous growth in the agricultural sector and future growth in the Pakistani economy highlight the growing demand for energy [43] [44] [45] .
Figures 1-8 indicate the trends in CO 2 emissions, cropped area, energy use, fertilizer offtake, GDP per capita, improved seed distribution, total food grains and water availability in Pakistan. 
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We used time-span data from 1987-2017 collected from the World Development Indicators 2017 database and the Government of Pakistan's Economic Survey of Pakistan 2016-17. The variables used in the study are explained in Table 1 , below. 
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Sources of Data
We used time-span data from 1987-2017 collected from the World Development Indicators 2017 database and the Government of Pakistan's Economic Survey of Pakistan 2016-17. The variables used in the study are explained in Table 1 , below. Table 1 describes the variables, including CO 2 emission in Kt, cropped area per million hectares, energy use in kg of oil equivalent per capita, fertilizer offtake in N/T, GDP per capita in current USD, improved seed distribution in tons, total food grains in tons and water availability in MAF.
Econometric Model Specification
We will specify the following model to check the association between dependent and independent variables:
In the above Equation (1), CO2e t = carbon dioxide emission in (kt); CA t = cropped area in million hectares; EN t = energy use in kg of oil equivalent per capita; FO t = fertilizer offtake in N/T; GDPPC t = gross domestic product per capita in current USD; ISD t = improved seed distribution in tons; TF t = total food grains in tons and WA t = water availability in MAF. We can also write Equation (1) as;
By employing the logarithm to Equation (2), the model follows a log-linear form:
Equation (3) is the log-linear form of the variables. lnCO2e t displays the natural logarithm of CO 2 emission. lnCA t displays the natural logarithm of the cropped area. lnEN t displays the natural logarithm of energy use. lnFO t shows the natural logarithm of fertilizer offtake. lnGDPPC t shows the natural logarithm of GDP per capita. lnISD t displays the natural logarithm of improved seed distribution. lnTF t shows the natural logarithm of total food grains. lnWA t displays the natural logarithm of water availability. t demonstrates the dimension of time. µt indicates the error term. The model coefficients δ 1 to δ 7 demonstrate long-run elasticity.
The stationarity of the variables was checked by employing the Augmented Dickey-Fuller [46] and Phillips-Perron [47] unit root tests. The null hypothesis is the drift of the unit root, and the two substitute hypotheses are that the series does not have a unit root with a linear time trend, and that the series has a non-zero mean and a stable trend, with no time trend. Equation (4), below, presents the unit root test.
In Equation (4), the variable U demonstrates the unit root test. ∆ show the first difference. T is the linear trend. t indicates the time. m represents the white noise residuals to achieve.
Specification of ARDL Model
The ARDL model was estimated by Pesaran and Shin (1998) [48] to check the analysis of long-run and short-run relationships. It was further protracted by Pesaran et al. (2001) [49] . Narayan et al. (2004) [50] also used this model in a study to check the variables' associations. The order of integration is distributed with variables at I(0) or I(1) apart from the occurrence of I (2) . Here we will demonstrate separately the long-run and short-run models, to check the variables' associations. The long-run model is depicted in Equation (5), below:
In Equation (5), φ 0 indicates the constant intercept. ∆ is the difference operator. Q, W, E, R, T, Y, U and I illustrate the order of lags. δ is the coefficient of the long-run, and ε t is the error term. Pesaran et al. (2001) demonstrated that the two values may be used for the cointegration: first for the lower bound, where the variables are integrated at zero-order, followed by the upper limit bound value, where variables are integrated at order one. The short-run model estimation of the study variables is illustrated by following the error correction model (ECM) in ARDL and is specified as:
Equation (6) show the analysis of the short-run among study variables by the ECM. A, S, D, F, G, H, J and K represent the order of lags in the equation.
Results and Discussion
Summary Statistics and Correlation Matrix
The results of the summary statistics and correlation matrix are interpreted in Table 2 . The results show that all variables are normally distributed, which is indicated by the Jarque-Bera statistics and probability values. The correlation analysis indicates that there is an existing positive correlation between CO 2 emission and cropped area, energy usage, fertilizer offtake, GDP per capita, improved seed distribution and total food grains. None of the variables got integration in the order of I(2) by indicating the results of the Augmented Dickey-Fuller and Phillips-Perron unit root tests; therefore an ARDL model was employed.
Unit Root Test Results
Tables 3 and 4 report the results of the Augmented Dickey-Fuller and Phillips-Perron unit root tests.
Cointegration Test
The cointegration test is performed when the value of the F and W statistics use the upper bound of the designated level of significance. It is assumed that the F statistics have no cointegration null hypothesis among the study variables. The cointegration results at 1%, 5% and 10% significance level are illustrated in Table 5 , while the results of the Johansen cointegration [51] , with trace statistics and maximum eigenvalue statistics with critical values, are interpreted in Table 6 . In Table 5 , the ARDL model to bounds testing results reveal and recapitulate the occurrence of a cointegration linkage among the study variables at 1%, 5% and 10% significance levels. Table 6 indicates the results of the Johansen cointegration test with trace statistics and max-eigenvalue.
Long-Run and Short-Run Evidence
The results of the long-run and short-run evidence interpreted with the residual diagnostic test are presented in Table 7 , below. ARDL(1, 1, 0, 1, 1, 0, 0, 1 Note: ** and *** signify the probability and the significance level at 5% and 10%. χ 2 SERIAL show the serial correlation, χ 2 NORMAL indicates the normality test, χ 2 ARCH indicates the autoregressive conditional heteroskedasticity test and χ 2 RESET represents Ramsey Reset test with their p-values. Table 7 represents the results of the long-run and short-run evidence in Panel A and Panel B. Focusing on the long-run evidence with elasticity in the Panel A variables, the results indicate that cropped area, energy use, fertilizer offtake, GDP per capita and water availability have a significant association with CO 2 emission, having p-values of 0.0148, 0.0031, 0.0003, 0.0010 and 0.0099, respectively. The long-run analysis results conclude that a 1% increase in all variables-including cropped area, energy use, fertilizer offtake, GDP per capita and water availability has a positive correlation, with CO 2 emission increases of 0.07%, 0.82%, 0.60%, 0.21% and 0.70%, respectively. In the long-run evidence, the analysis results regarding CO 2 emission and cropped area, energy use, fertilizer offtake, GDP per capita and water availability have a positive and significant association. The analysis results also show that improved seed distribution and total food grains have a negative linkage to CO 2 emission in Pakistan. In South Asia, Pakistan has a dominant role and is greatly affected by a number of influences, including temperature variations, pests, health problems, droughts and other changes the country is likely to endure in the future. The linkage between CO 2 emission and energy consumption enhances the maximum energy consumption of about 640 kg per capita of oil equivalent. Recently, the economic maneuver is lower than its level, but it is expected that CO 2 emissions will endure and rise progressively over a period of time until the level of threshold is extended [52] .
The change in the climate in Pakistan is fundamentally caused by the emission of greenhouse gasses. The key source of greenhouse gas emissions is the activities of humans, such as deforestation, urbanization, industrialization, transportation, agriculture, waste, energy use and livestock [53] . Some studies emphasize the linkage of CO 2 emission with agriculture policies, agriculture land expansion and deforestation, greenhouse gas emission mitigation in agriculture, climatic variations and congestion influence on productivity [54] [55] [56] [57] [58] . However, our study demonstrated the linkage of CO 2 emissions to agricultural productivity, including cropped area, energy use, fertilizer offtake, gross domestic product per capita, improved seed distribution, total food grains and water availability in Pakistan. Long-run evidence results showed a positive influence regarding cropped area, energy use, fertilizer offtake, GDP per capita and water availability, but improved seed distribution and total food grains had a negative linkage with CO 2 emissions in Pakistan. Regarding improved seed distribution and total food grains that have a negative linkage with CO 2 emission, possible policy implications should be taken by the government of Pakistan to cut CO 2 emission from these sources. Conceivable funding schemes will also be needed to boost agricultural productivity in the country, to increase economic growth and development.
Panel B depicts the short-run analysis results and their association to the study variables; an ECM requires the cointegration presence to incarceration the short-run dynamics and relation with its coefficients that measures the adjustment speed. In the short-run evidence, the results indicate that cropped area, energy use, fertilizer offtake and water availability coefficients have a significant linkage with CO 2 emissions in Pakistan, with p-values of 0.0527, 0.0073, 0.0024 and 0.3382, respectively, which means a 1% increase in all variables has a positive association with CO 2 emission increases of 0.03%, 0.61%, 0.31% and 0.20%, respectively. Similarly, in the short-run evidence, the variables GDP per capita, improved seed distribution and total food grains have a negative linkage with CO 2 in Pakistan. There are several issues in Pakistan, including the lack of social and health services, insufficient agricultural productivity, economic instability and development and a rapidly growing population that affect the living standards of the Pakistani people [59] . The local climate in the country is usually hot in the summer and cold in the winter, with low rainfall, because the country is located in a temperate zone [60] . Agriculture, renewable energy consumption and forestry have a dominant role in mitigating CO 2 emission. However, agricultural productivity has a contrary influence on the environment. The forest also has a huge impact in reducing CO 2 emission.
The analysis results in Panel C show that the R-squared value is 0.997706, which indicates 99% variation in the CO 2 emission described in the model. The adjusted R-squared value is 0.996086. The F statistic shows the joint significance as 1%, confirmed regarding the independent variables. The Durbin-Watson statistic value is 2.698, which shows the non-appearance of any autocorrelation and is not equal to the Durbin-Watson standard value, but is enough to expose any autocorrelation in the model.
Structural Stability Test
The CUSUM test and CUSUM Square test graphs are stated in Figures 9 and 10 , which specify the level of significance at 5%; this demonstrates the stability test to stable the long-run and short-run constraints. model.
The CUSUM test and CUSUM Square test graphs are stated in Figures 9 and 10 , which specify the level of significance at 5%; this demonstrates the stability test to stable the long-run and short-run constraints. 
Conclusion and Recommendations
The key motive of this study was to check the linkage of CO 2 emissions with agricultural productivity in Pakistan, including cropped area, energy use, fertilizer offtake, GDP per capita, improved seed distribution, total food grains and water availability. We employed Augmented Dickey-Fuller and Phillips-Perron unit root tests to check the variables' stationarity. An ARDL bounds testing approach to cointegration was applied, with the evidence of long-run and short-run analysis, to enhance the causality association among the variables.
The analysis of the long-run evidence exposed that CO 2 emission has a positive and significant association with cropped area, energy use, fertilizer offtake, GDP per capita and water availability in Pakistan, while the analysis results show that improved seed distribution and total food grains have a negative linkage with CO 2 emissions in Pakistan. Similarly, the analysis results from the short-run evidence exposed that cropped area, energy use, fertilizer offtake and water availability coefficients have a positive and significant linkage with CO 2 emissions in Pakistan, while the variables GDP per capita, improved seed distribution and total food grains have a negative linkage with CO 2 emission in Pakistan.
In the light of this study, possible solutions should be implemented by the government of Pakistan to further reduce CO 2 emissions and to enhance agricultural productivity. As the country is also facing other severe crises, including energy production and supply from different sources. It is necessary that there should also be attention prerequisite in the agricultural sector to boost agriculture sector by providing the necessary facilities and funding schemes to enhance rapid economic growth and development.
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